This paper aims to estimate Neyman-Scott rectangular pulse (NSRP) modeling application in representing the storm rainfall that occurred in Peninsular Malaysia. This research utilized hourly rainfall data from 48 rain gauges in Peninsular Malaysia during the period from 1970 to 2008. The raingauge stations are given in four territories, namely northwest, west, southwest, and east. The goodness-of-fit test from NSRP model should be done before the other applications of the model. The conclusion of this research revealed that NSRP model is able to show the rainfall data in Peninsular Malaysia.
Introduction
Nowadays, there are many problems regarding climate change and global warming investigated by researchers, especially for the storm rainfall to society. Furthermore, the observation of storm rainfall becomes necessary action in a few sectors, such as agriculture, hydrology, and water resource management. Because of the growth of irrigated agriculture, industrialization, and population, the analyst can be used in forecasting rainfall and making decision. These studies, an intensity extreme rainfall, total rainfall, and heavy rains, have invited much attention of scientists in the world to research, such as research carried out by Lana et al. [1] and Burgueno et al. [2] .
There have been a few published works on the behavior of storm rainfall in Peninsular Malaysia. Among them are works on detecting trends in dry and wet spells over the Peninsula during monsoon seasons [3, 4] , changes in extreme rainfall events [5] , changes in daily rainfall during monsoon seasons [6] , and analysis of rainfall variability [7] . In these studies, various objectives and approaches have been highlighted in describing the characteristics of rainfall in this area.
Methodology
In this matter, the data used are the hourly rainfall data from 48 rain-gauge stations from 1970 to 2008. The data can be acquired from the meteorology, drainage, and irrigation department of Malaysia. All stations are divided into four classes, by [8, 9] . Dale [9] has defined five rainfall regions in Peninsular Malaysia, such as west, Port Dickson-Muar coast, southwest, and east. Nevertheless, a few of stations located on the Port Dickson-Muar coast were combined with people in the region of the southwest. The lists of stations are given in Table 1 , and there are 48 stations that can be delineated in Figure 1 . The Neyman-Scott rectangular pulse (NSRP) modeling is used to model the rainfall number of each station in Peninsular Malaysia. The single-site NSRP model is marked by the flexible structure where parameters of model relate to the basically physical features monitored in rainfall. Theoretically, the NSRP model assumes that the sources of storm follow a Poisson process with parameter λ. Additionally, a random figure of EC ðÞ cell origins is displaced from storm provenance by exponentially distributed distance with parameter β. A rectangular pulse, with duration and intensity, showed by other two independent random variables, presumed to be exponentially distributed with parameter η and EX ðÞsuccessively, is connected to every original cell. The total intensity on every point of time is given by the number of the active cell intensities in that certain point. Therefore, the NSRP model has a total of five parameters which can be estimated by minimizing an aim function, evaluated as the number of normalized residuals between the characteristic statistics and theoretical expressions that are observed [10, 11] . This model is able to produce statistics estimation values close to the observed values [11] .
The main feature of the NSRP model can be summarized as follows:
1. Every storm arrival, represented by l i , i ¼ 1, 2, 3, …, is exponentially distributed in Poisson process with parameter λ.
2. Every rain cell, c ij , i ¼ storm index of i, j ¼ rain cell index of storm i, has Poisson or geometry distribution with a mean of E(C). Engineering and Mathematical Topics in Rainfall3. every waiting time for cells after the storm origin, b ik , i ¼ index storm of i, k ¼ time of rain cell at storm i, will be exponentially distributed with mean β, 4. Two parameters, intensity x jh , j ¼ jth cell and h ¼ intensity at jth cell which is exponentially distributed with mean E(X), and duration of rain t js , j ¼ jth cell and s ¼ duration at jth cell which is Exponentially distributed with mean η, form cluster in every rain cell.
These four conditions can be depicted as in Figure 2 .
Each station's hourly data are fitted with NSRP and the yielding NSRP parameters λ,E x ðÞ ,E,β, ∧ η ÀÁ are noted monthly. To control and make sure that the NSRP model obtained shows the actual rainfall data, the mean of the 1-h rainfall and probabilities of 1-and 24-h rainfall estimated from the model have been compared with this statistic values calculated from the data which are observed.
NSRP modeling
Rodriguez-Iturbe et al. [11] applied the formula to produce the first and the second statistical moments, whereas the moment is obtained using rainfall data scaling.
There are three statistical moments such as mean, variance and autocorrelation, and the probability of succession rain as Eq. (1)- (4) which are used to obtain the NSRP's parameters. 
EY τ ðÞ
This research just have four equations where the others questions explain four equations before
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NSRP's parameter estimation and good-fit test
Rodriguez-Iturbe et al. [11] and Cowpertwait [10] have used a moment method to estimate NSRP's parameter. Other methods estimating the same parameters are also conducted by other researchers, who applied the method of log-likelihood maximum probability. Some researchers, who have provided usual procedure, which is needed to convert hourly rainfall data into aggregate rainfall data, in estimating NSRP's parameter, are [10, 12, 13] . The application of scaling to obtain the rainfall data of some scales. For example, the 1-h rainfall scale, 6-h rainfall scale, and 24-h rainfall scale used Eqs. (1)- (4) and then produced some nonlinear equations. So, the expected parameters of NSRP's can be obtained numerically by optimizing Eq. (5).
Θ * k τ ðÞis the second moment statistics and rainfall probability from scaled data or generally called as observation statistics, and Θ k x, τ ðÞ is the second moment statistics and rainfall probability stated on Eqs. (1)- (4) or generally called as theoretical statistics.
The equation solution numerically requires an accurate initial value. Researches on non-linear numeric model often require it in order to enable them to estimate some required parameters. Some initial values, to estimate the parameters of NSRP, have been presented by Calenda and Napolatino accurately. In fact, it requires testing many of initial values to make z value on equation (5) to be optimum. This makes it difficult to perform the numerical solution. Favre et al. [14] has tried the best method on estimating NS parameter easier; The research is conducted by dividing parameters into two sets, which comprise β, η ðÞ ÈÉ and EC ðÞ fg , λ,EX ðÞ ðÞ providing an initial value for parameter β, η ðÞ ÈÉ . it can make the estimated numerical solution simpler and easier to handle. The other method of numerical solution of estimating the parameter of NSRP conferred fluctuation scale values linking one parameter with the other four parameters; in addition, based on the four chosen parameters, the value will be optimum. This simplifying numerical solution is also contributed by Calenda and Napolatino [15] . In this paper, the proportion of rainfall cell of each storm will be contributed under Poisson condition; thus
À 1, this result has been well investigated [12] .
Good-fit test, which is used to define the best-fit distribution in rainfall cell intensity of four given distribution in this research, will be applied by sorting residual value gained from a value of the second moment statistics and observed rainfall probability and from a value of the second moment and theoretical rainfall probability. Velghe et al. [12] used residual value as equation
Assume X n as the second moment and rainfall probability based on theory (NSRP model), X his, n as the second moment statistics and rainfall probability based on observation, and n as the number of statistics used in this model. whereas n is 8 representing the average of an hour rainfall; the variance used for the rainfall includes periods of 1, 6, and 24 h, autocorrelation lag 1 for 1-h rainfall, autocorrelation lag 1 for a 24-h rainfall scale, a probability of 1-h rainfall, and a probability of 24-h rainfall scale.
Applications

Study region
Peninsular Malaysia is located between 1 and 7 north of the equator which is the tropical area. Generally, these areas experience a wet and humid tropical climate throughout the year; this country has characteristic such as high annual rainfall, humidity, and temperature. Peninsular Malaysia has a stable temperature year-round from 25.5 to 32 C. Normally, the annual rainfall is between 2000 and 4000 mm, whereas the annual number of wet days ranges from 150 to 200.
The climate of Peninsular Malaysia describes two monsoons separated by two inter-monsoons. In May through September, the southwest monsoon (SWM) occurs and the northeast monsoon (NEM) occurs from November to March. The two inter-monsoons occur in April (FIM) and October (SIM). In Peninsular Malaysia, the main range mountains, widely known at the circumstances as Banjaran Titiwangsa, run southward from the Malaysia-Thai border in the north, spanning a distance of 483 km and separating the eastern part of the peninsula which receives heavy rainfall. By contrast, regions sheltered by the main range, as shown in Figure 1 , are more or less free from its influence. Table 2 provides information about the parameters of the NSRP model for rainfall occurring in November dan December for 48 terminals in Peninsular Malaysia. The NSRP model with parameters, which is identified for every terminal, and various statistic values are the initial foundation for contraction of the rainfall data. In particular, the mean and probability values of the 1-and 24-h rainfall amount are then calculated. To describe the condition of a data set, these statistics are chosen.
Goodness of fit of NSRP
To control how well the representation of the rainfall data is made by the NSRP model obtained, the mean of the 1-h rainfall and the probabilities of the 1-and 24-h rainfall estimated from the model are compared with these statistics values calculated from the observed data. Part of the results, focusing on the month of November and December only, is displayed in Table 3 . It can be seen that there are no major differences between the estimated and the observed values of the statistics of interest. AO ¼ mean of 1-h rainfall (observed data), AE ¼ mean of 1-h rainfall (NSRP model), PO ¼ probability of 1-h rainfall (observed data), PE ¼ probability of 1-h rainfall (NSRP model), and PO2 ¼ probability of 24-h rainfall (observed data, PE2 ¼ probability of 24-h rainfall (NSRP model). Table 3 . The representation of the statistics which are estimated from the NSRP model compared with the statistic obtained from the analyzed data for the 48 raingauge terminal.
Conclusions
The results of this study proved that the Neyman-Scott rectangular pulse model is able to imitate the pattern of actual rainfall in Peninsular Malaysia by comparing the parameters as well as the spatial distribution of the means and probabilities of 1-and 24-h rain. Thus, the results from the NSRP model fitting for each station are valid to be used for further analysis, that is, to evaluate the behavior of storm rainfall. 
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